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g (54) Title: BIO-COMPATIBLE POLYMERIC MATERIALS 

g (57) Abstract: A bio-compatible polymeric material for use in medical applications, for example in an orthopaedic implant, com- 
prises a copolymer having a unit A in combination with a unit B and/or a unit C, wherein bio-compatible moieties are associated with 
^ said copolymer and A represents a semi-crystalline polyaryletherketone moiety (especially polyetheretherketone), B represents a unit 
J^. which is incompatible with unit A (e.g. polydimethylsiloxane) and C represents an amorphous polyaryletherketone orpolyarylether- 
^ sulphone unit. Methods for preparing, methods of using and devices incorporating the polymeric material arc also described. 
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According to a first aspect of the present invention, 
there is provided a bio-compatible polymeric material for 
use in medical applications, wherein said material 
comprises a copolymer comprising a unit A in combination 
5 with a unit B and/or a unit C, wherein bio- compatible 
moieties are associated with said copolymer and A 
represents a semi -crystal line polyaryletherketone moiety, 
B represents a unit which is incompatible with unit A and 
C represents an amorphous polyaryletherketone or 
10 polyarylethersulphone unit. 

Suitably, B units are sufficiently chemically 
dissimilar to A units, such that blocks of B units 
selectively aggregate when the copolymer is cooled from 
15 the melt . 

In the scientific literature there is inconsistency in 
the use of descriptions such as n bio-compatible" , u bio- 
active" and "bio-materials" . In the context of the 

20 present specification, the term w bio- compatible" has 
generally been used to refer to a material which is 
. compatible with use in medical applications, for example 
by not being toxic or otherwise harmful to living 
materials. It also encompasses materials which have a 

25 biological or physiological effect when associated with 
living materials. 

*Bio- compatible moieties" referred to herein suitably 
refer to moieties which are compatible with use in medical 
30 applications, for example by not being toxic or otherwise 
harmful to living material. Such bio-compatible moieties 
may be arranged to bond (for example to form ionic or 
covalent bonds) or otherwise interact with materials 
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or of general formula 



> 


] 




Id 

V 



IV 



or of general formula 



IV 



or of general formula 



V* 



provided said unit is semi -crystalline, wherein the phenyl 
moieties in units IV, IV*, V and V* are independently 
optionally substituted, wherein m,r,s,t,v,w and z 

10 independently represent zero or a positive integer, E and 
E 1 independently represent an oxygen or a sulphur atom or a 
direct link, G represents an oxygen or sulphur atom, a 
direct link or a -O-Ph-O- moiety where Ph represents a 
phenyl group and Ar is selected from one of the following 

15 moieties (i)*, (i)**, and (i) to (x) which is bonded via 
one or more of its phenyl moieties to adjacent moieties 



or 




SUBSTITUTE SHEET (RULE 26) 
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(ii 



Oil) 



o-o-o 



(iv) 









Unless otherwise stated in this 
moiety may have i 4 - or 1 3 ^^ation, a phenyl 

* nave 1,4 or 1,3-, especially 1, 4 . i inltanai! . 
moieties to which it is bonded. t0 

subst^ m ° iety hSrein iS 

substituted, it may be optionally substituted by one or 

more halogen, especially fl uorine ^ chl . * °" ° r 
alkvi n , chorine, atoms or 

cycioal^x « phenyl w . pre£erred 

- C,„, espe c laUy c,„ alkyl groupe . pre£err ^ 
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cycloalkyl groups include cyclohexyl and multicyclic 
groups, for example adamantyl. 

Another group of optional substituents of a phenyl 
5 moiety comprises alkyls, halogens, CyF2y*i where y is an 
integer greater than zero, 0-R q (where R q is selected from 
the group consisting of alkyls, perf luoralkyls and aryls) , 
CF=CF 2 , CN, N0 2 and OH. Trif luormethylated phenyl moieties 
may be preferred in some circumstances. 

10 

Preferably, said phenyl mbieties are* not optionally- 
substituted as described. 

Where w and/or z is/are greater than zero, the 
15 respective phenylene moieties may independently have 1,4- 
or 1,3 -linkages to the other moieties in the repeat units 
of formulae II and/ or III. . Preferably, said phenylene 
moieties have 1,4- linkages. 

20 Preferably, the polymeric chain of the copolymer does 

not include a -S- moiety. Preferably, G represents a 
direct link. 

Preferably, m is in the range 0-3, more preferably 0-2, 
25 especially 0-1. Preferably, r is in the range 0-3, more 
preferably 0-2, especially 0-1. Preferably t is in the 
range 0-3, more preferably 0-2, especially 0-1. 
Preferably, s is 0 or 1. Preferably v is 0 or 1. 
Preferably, w is 0 or 1. Preferably z is 0 or 1 

30 

Preferably Ar is selected from the following moieties 
(xi)* (xi)**, and (xi) to (xxi) : 
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in (xi)*; the middle phenyl may be 1,4- or 1 3 
substituted. 

Prefer, to) is ^ ^ ^ ^ 

1. - toi, ls S ele=te d £rom . 1>f . ( 2fl 

2.7- a» d (xvtl) is seJeceed from a i ^ 

/ 1,8- or a 2,6- moiety. 

said unit A nay include a sead-crystalline unit 
» « formula „ or „. „ de 

^ is ^Usable, suitably, to be 
crystalUsabie. said mit A ^ „ ^ 

W. C~> or M . Preferred te ^ cons . 3t 

ILL T 9roupe ta oomblaation wlth ° ne « — — -*» 

and/or ether groups. 

Said unit A preferably inoludes only u„aubatitute d 
Phenyl pieties, ether Pieties and Ketone Pieties. £ 

». -t A preferably dM s not inclu d e repeat units whioh 
include . S0! . „ ar _ tic ^ 

Preferred units A inclu d e: Phenyl. 

(a) units of formula XV wherein Ar repress „oiety 
<iv), E and E' represent oxygen .to™. « 
represents 0. „ represents !. Q represents a 
drrect link. . represents 0. and A an d B represent 
1 (i.e. polyetheretherketone) . 



(b) 



unit, of formula iv wherein E represents an oxygen 
atom, E . represents a direct link, te represents a 
moxety of structure (i) , m represents 



0, A 
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represents 1 # B represents 0 (i.e. 
polyetherketone) ; 

(c) units of formula IV wherein E represents an oxygen 
atom, Ar represents moiety (i)*, m represents 0, 
E 1 represents a direct link, A represents 1, B 
represents 0, (i.e. polyetherketoneketone) . 

(d) units of formula IV wherein Ar represents moiety 
(i) , E and E 1 represent oxygen atoms, G represents 
a direct link, m represents 0, w represents 1, r 
represents 0, s represents. 1 and A and B represent 
1 . (i.e. polyetherketoneetherketoneketone) . 

(e) units of formula IV, wherein Ar represents moiety 
(iv) , E and E 1 represents oxygen atoms, G 
represents a direct link, m represents 0, w 
represents 0, s, r, A and B represent 1 (i.e. 
polyetheretherketoneketone) . 

Of the aforesaid, the polymers described in (a) and (b) 
are preferred, with the polymer described in (a) being 
especially preferred. 

The existence and/or extent of crystallinity in a 
polymer is preferably measured by wide angle X-ray 
diffraction, for example as described by Blundell and 
Osborn (Polymer 24, 953, 1983). Alternatively, 
crystallinity may be assessed by Differential Scanning 
Calorimetry (DSC) . 

Unit B may represent any unit which is incompatible 
with unit A and, to this end, B preferably includes fewer, 
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suitably less than half or even a quarter of the number of 
ether moieties in unit A; suitably fewer, suitably less 
than half or even a quarter of the number of ketone 
moieties in unit A; and suitably fewer, suitably less than 
half or even a quarter of the number of phenyl moieties in 
unxt A. unit B preferably does not inolude any ether 
moieties in its backbone. Preferably, it also does not 
include any ketone moieties in its backbone and, more 
preferably, does not include any phenyl moieties in its 
ao backbone. An example of a unit B is a dimethyl siloxane, 
especially a polydimethylsiloxane, moiety. 

Where B represents a unit which is bio- compatible, it 
may represent a unit which has a greater bio- compatibility 
than repeat unit A. ^ example is the aforementioned 
polydimethylsiloxane . 

Said unit c preferably i ncludes aromati(= " 
containing moieties linked by -SO,- and/or -CO- and/or -Q- 

* groups, where Q is as described above provided, however, 
that said third unit suitably includes a means to render 
it amorphous (hereinafter said "amorphous means") and/or 
not crystallisable with polyarylether ketones or 
Pdyarylthioether ketones and/or not crystallisable with 

25 unit A described above. 

Said unit C may comprise a unit which is of formula - 
Q-Z-Q- wherein Z represents said aromatic group containing 
moiety, wherein said unit is not symmetrical about an 
imaginary line which passes through the two -Q- mo ieties 
provided, however, that said unit is not 
dihydroxybenzophenone substituted by groups Q at the 4- 
and 4'- positions (since such a benzophenone acts in the 
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manner of a symmetrical moiety by virtue of the carbonyl 
group being substantially similar to an ether group 
thereby allowing the carbonyl group to be interchanged 
with an ether group in a polyaryletherketone crystal 
5 lattice) . Said unit C, for example moiety Z, may include 
a bulky group. Said unit C, for example moiety Z, may 
include one of the following moieties: 




SUBSTITUTE SHEET (RULE 26) 
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Sard copo lyTOr .ay be a random or block copolymer. « 
»y rndude one or e plurality of units a (which ray be 

in te T," "™ " ^ ~ 

» terns of length and/or structure, whilst still being 

• se^-crystalline as described,,- one or a piuraiity 7t 
un- Q (which ray be identlcai fcut tr o 

different, for example in term. , 

terms of length and/or 
structure. .hirst , tm being incoTOe ^ 

and/or one or a plurality of units c (which TOy be 

l t:: rr — ukeiy " - — - - ~ 

rn t« of length and/or structure, whilst still being 
amorphous as described) . 

is of the i lrr lymer ^ W " StIUCtUre 3ele " ed £ ™ °- 
15 of the following structures: 



20 



25 



(I) 


A-B-A 


(II) 


A-B-A-B-A 


(III) 


A- [A-B] n -B 


(IV) • 


A-C-A 


(V) 


A-B-C-A 


(VI) 


A-B-A-C-A 


(VII) 


A- [A-C] n -A 


(VIII) 


A-[A-B] n -A 


(IX) 


A- [C-BJ B -A 


(X) 


A- [A-C] -B 


(XI) 


A- [C-B] n -B 


(XII) 


A- fABCJn-A 



3. wherein represents an integer. £or a^le in the range 
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It should be appreciated that where more than one unit 
A, B and C is included in one of the above structures, one 
A, B or C in a structure need not be identical in terms of 
length and/or structure as another A, B or C in the same 
5 structure. 

Preferably, an end unit of said copolymer (i.e. a unit 
at the end of the polymer chain of the copolymer) is an A 
unit . A unit at an opposite end of the polymer chain may 

10 be an A or B unit, especially an A unit. Preferably, the 
number of A units~iri~5a~id" copolymer is equal to or greater 
than the number of B units. More preferably, the number 
of A units is greater than the number of B units. The sum 
of the chain length (s) of A units in said copolymer is 

15 preferably greater than the sum of the chain length (s) of 
B units in the polymer. Preferably, a C unit is not 
present at the end of a polymer chain. Preferably, the 
number of A units in said copolymer is equal to or greater 
than the number of C units. More preferably, the number 

20 of A units is greater than the number of C units. The sum 
of the chain length (s) of A units in said copolymer is 
preferably greater than the sum of the chain length (s) of 
C units in said polymer. 

25 Said bio-compatible polymeric material may comprise a 

blend. Said blend may include a polymer or copolymer of 
units IV, V, IV* and/or V* and, more preferably, includes 
a semi -crystalline polymer or copolymer which comprises 
units IV, V, IV* and/or V*. Preferred 

30 polyaryletherke tones are polymers consisting essentially 
of units (a), (b) , (c) , (d) or (e) described above (i.e. 
polyetheretherketone , polyetherketone , 

polyetherketoneketone, polyetherketoneetherketoneketone 
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and Polyeth.retherhetoneketone, together with said 
copolymer. said bUnd preferabiy ^ 

polyaryletherhetone together with said copolymer and. of 
these. nniu^u* , ' 



~ w F uxyuier an 

these, polyetherethericetone and polyetherketon. are 
preferred and polyetherether.etone is especially 
preferred. 1 - so.t* of said polyaryletherXetone M y be 
included in a said blend. 



25 



30 



Said bio-c^atible materia! .ay include ^ or 

=olT» Pr ° Vidin9 d68lred PrOPer " M - Mo- 
compatible material preferably incorporates an x-ray 
contrast aedium. p illers ^ said ^ J 

rs/are preferably distributed substantially uaifor^y 
throughout said bio-corcpatible material. 

Where an x-ray contrast medium is provided it suitably 
copses less than 25wt*. preferably less than 2 0wt*. more 
preferably less than is**, especially less than 10 wt* of 
ea,d b o^tible material. where it is provided, at 
least 2 wt* ray bs ^ Preferred x-ray contrast 
mediums are particulate and preferably are inorganic. ttey 
Preferably have low solubility in body fluids. ^ 
preferably aiso have a sufficient density chared to that 
of the polymeric materials, in said bio-compatible 
-terral to create an image if the bio-co^tible material 
is X-ray im a 9ed . Barium ^ ^ 

exiles of x-ray contrast media. Said particulate material 

w th n tb PhySiCally " eld ia POSi "° n * 
within the bio-compatible material. 

A said bio-co^atible TO iety ra y be selected from an 
anticoagulant agent such as heparin and heparin sulfate, 
an antithrombotic agent, a clotting agent, a platelet 
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agent, an ant i- inflammatory agent, an antibody, an 
antigen, an immunoglobulin, a defence agent, an enzyme, a 
hormone, a growth factor, a neurotransmitter, a cytokine, 
a blood agent, a regulatory agent, a transport agent, a 
fibrous agent, a protein such as avidin, a glycoprotein, a 
globular protein, a structural protein, a membrane protein 
and a cell attachment protein, a peptide such as a 
glycopeptide, a structural peptide, a membrane peptide and 
a cell attachment peptide, a proteoglycan, a toxin, an 
antibiotic agent, an antibacterial agent, an antimicrobial 
agent such as pericilTin" # ~ ticarcillin, carbeinicillin, 
ampicillin, oxacillian, cefazolin, bacitracin, 

cephalosporin, cephalothin, cefuroxime, cefoxitin, 
norfloxacin, perfloxacin and sulfadiazine, hyaluronic 
acid, a polysaccharide, a carbohydrate, a fatty acid, a 
catalyst, a drug, biotin, a vitamin, a DNA segment, a RNA 
segment, a nucleic acid, a nucleotide, a polynucleotide, a 
nucleoside, a lectin, a ligand and a dye (which acts as a 
biological ligand) , a radioisotope, a chelated 
radioisotope, a chelated metal, a metal salt, a sulphonic 
acid or salt thereof, a steroid, a non-steriod, a non- 
steroidal ant i- inflammatory, an analgesic, an anti- 
histamine, a receptor binding agent, a chemotherapeutic 
agent, a hydrophilic polymer, (e.g. poly (ethylene glycol) 
(PEG), poly (ethylene oxide) (PEO) , ethylene oxide- 
propylene oxide block co-polymers, poly (N-vinyl-2- 
pyrrolidone) (PNVP) , poly (2 -hydroxy ethyl methacrylate) 
(pHEMA) , HEMA co-polymers, poly (vinyl alcohol) (PVA) , 
polyacryl amide, its derivatives, poly (methyl methacrylate) 
(PMMA) , suitably having a PEG chain on each of the side 
groups, polysiloxanes (e.g. polydimethylsiloxanes (PDMS) ) , 
ionic water-soluble polymers like poly (acrylic acid) 
(PAAc) ) and a polyurethane . Examples of some of the 
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aforesaid are provided in US5958430 DB5 M «„ 

- «*»0,u and the contents o^ le 2 ' US5278 ° 63 

specifications are incorporated .rein Tj^T^ 

5 m one embodiment, said bio-comnatiM. • 

comprise bone morpbosenic prote ™° leti ~ 
»S4S 6 3«e 9 ana patents cited tberein and Z ^ * 
tbe aforesaid are incorporated b^in ' ""^ ° £ 

Provided in combination, for JZ. 
° Polemically acceptable bit^Tle^""' 3 
-d said biode^adable polymer l y be ~ 
<* said polymer of said biHLZ ^ ""°~ t- "* 

««. in tbis case, tbe combination TTL? ~ ^ 
« P=lym«r and BMP defines said bT 

-id Models polymer is ^ r V""" ' 

Pdylactic acid- or .u . drably a biodegradable 

actable bil ^ ^ ^ PhySi0l ° 31 ^ 

structurally equivalent to polyl" T" 

tbe delivery system . Used » s 

<=*Y system for BMP. Pvflmn1 

Poly,bydroxy oroanic carbo*yli c acids, ln ° 1Ude 
alipbatic carboxylic acids D ' ?' ^ Ih ^ 
Pectin, politic acid 1 polypi 

oovalently bonded to res , ' """"^ b ° 

copolymer Said L .*■*•*»• «peat units o£ th . 

- aaid bi ::;^ 9 * *— 

aasociated „itb said moieties " ^ * 
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A said linking' moiety may be associated with a single 
bio- compatible moiety or ; alternatively, a said linking 
moiety may be associated with more them one bio -compatible 
moiety. Thus, said linking moiety may be mono -functional 
5 or multi-functional, for association with one or more bio- 
compatible moieties. Multi-functional linking moieties 
may be able advantageously to be associated with more bio- 
compatible moieties and may, therefore, provide a means to 
increase the concentration of bio- compatible moieties 
10 associated with said copolymer. 

Whilst said bio- compatible moieties may be associated 
with said copolymer by any suitable means, for example 
covalent bond(s), hydrogen bond(s) , encapsulation in a 

15 matrix which is bonded to or otherwise interacts with said 
copolymer, or ionic interaction (s) , it is preferred that 
there are covalent bonds between the bio-compatible 
moieties and said copolymer or there are ionic 
interactions between said bio-compatible moieties and said 

20 copolymer. 

According to a second aspect of the present invention, 
there is provided a method of preparing a bio-compatible 
polymeric material, the method including the step of 

25 preparing a copolymer comprising a unit A in combination 
with a unit B and/or with a unit C and optionally 
including the step of associating a bio-compatible moiety 
with the copolymer or, when said optional step is not 
undertaken, selecting at least one unit B or C which is 

30 itself bio-compatible, wherein A, B and C are as described 
according to said first aspect. 
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sulbably thereby t0 ano „ JLuUll 35 °" C - 

m , without de^datil^^i" 1 

copper is preferably hydrol^.^^"' . 
=u=h that it My „ ithstand " J" 5 ' stabl =. stably 

-V result in use, for x °««« 

» or animal body . ^ ™ — in . human 

xiuwever, in some rao PC ^ 

« oe h rafmir 4£ ;r h ^ My 

-ieties have been associated therewith Wra ™« 

Preferably, units B and/or c in the bi„ 
15 P01 ^= ""ori.1 iDclude th « patrbl. 

■noieties or are themselves bio-conZ JT b "-°°"» tU *' 
neater extent than units A 2 ' * * 

Un cognation with * 
therewith) in the bio """"" ass o=iated 

-a preferably no not include ass^U t 
Pendent, bio-compatible Pieties Bv f 

functionalities which are . £ ooussin g 

compatibiUty on units S and oTT unit ^ 
25 functionalised th. ,. ° eed no,: b o 

-d/or c " u. * since unit. B 

■nay be easier and/or cheaper to ™h ». 
compatible compared to unit A „ hich " ^ bl °- 

crystalline nature and/or relativ TZL ^ °' 
difficult to fictionalise such tLt b' " 
■0 moieties may be associataa ^ ^-compatible 

functionalists of unit A would teTco <■ 

crystalline nature of the unit T " * Seni " 

-nod, the crystallinity of A T r' Pre£eraMy ^ 

y or A is preserved and is, 
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therefore, preferably present in said bio-compatible 
material prepared in the method. 

In a first specific embodiment, a copolymer is 
5 prepared comprising units A and B wherein unit B includes 
pendent moieties with associated bio- compatible moieties. 
The method may involve preparing a copolymer using a first 
monomer (which provides part of unit B) having a pendent 
functional group. Said functional group is preferably 

10 pendent from an aryl, especially a phenyl, group and may 
be, for example, a -CN group. The copolymer prepared 
suitably includes said pendent functional group which may 
then be treated to allow bio- compatible moieties to be 
associated with unit B. For example, a said -CN group may 

15 be hydrolysed to an acid group which may then be treated 
- with a peptide, as described in Example Ic hereinafter. 
The method of preparing said copolymer may comprise 
polycondensing said first monomer with a second monomer 
(which provides part of unit A) and a third monomer (which 

20 provides parts of both units A and B) . This may result in 
a random co-polymer. The method could be adapted to 
prepare a block copolymer if required. Thus, it should be 
appreciated that B units are selected in the method to 
have functionalities that - allow efficient and cost- 

25 effective attachment of bio- compatible moieties. A 
specific example of said first embodiment is provided in 
Examples Ia-c. 

In a second specific embodiment, a copolymer is 
30 prepared comprising units A and B wherein unit B is itself 
bio- compatible, suitably in the sense that it has a higher 
inherent bio- compatibility compared to unit A., The method 
may involve preparing a copolymer using a first monomer 
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(which provides part of », 
-which provides p ar I n h 3 Se °° nd 

nonomer is preferlv „ ** B °°™ 

s polycondensed. It T " "« P " £ «^ 

i. a polym srranged to , cmaenaea ^ - 

Said second monomer nav h. n ... f"iymer. 

0 preferably in „ P^MthylsiloxaM, . Thus , 

is ;:z y : ; s nrr e r iment ' a 

In a third embodiment, the problem of functionalist 
' -~«a*-li». polyeryletherhetone *oUt^ 

addressed. In the embodiment , cooo! " 
-eh includes .its A - c" ^JLTr 

of units c 711 C \ InVle " of the smorphous nature 

units c, functional groups thereof mav h» 
accessible and, therefor 7 more 

Wt. c can be f . f ««l— U-d. 

can be functionalised, for 

alectrophilic substitution reactions of arometZ 

eu=h as by sulphonation, chlorosulohoT,, 9S ' 

acyletion, halogenatio ' ^r n ' Ditrati ° D - 

Phosphonylstion, lithiation end (ooti 

allcylation reactions. '^^onally-substituted) 

In a fourth specific embodiment , m „ , 

Prepared comprising units A B Jf ' is 

optionally provid<! blo *' °. and C - Dni " = »y 

fj-oviae ^o-compatibilitv ae 

according to the first ™* described 

first and second enfcodiments; and unit C 
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may optionally provide bio-compatibility as described 
according to the third embodiment provided that at least 
one of B and C provides bio-compatibility . Bio-compatible 
moieties associated with B and C may be the same or 
5 different. The polymer can contain A, B and C units that 
are either dispersed throughout the bulk of the material 
or in phase domains. For example, where a unit of A, B 
and/or C defines a relatively small block it may be 
dispersed; whereas where a block is relatively large 
10 domains will be defined. In some cases domains in the 
size range 0.5 to 400 7*m may be formed. - - 

In a fifth specific embodiment, a blend is prepared 
comprising a first copolymer which comprises units A and B 

15 and a second copolymer which comprises units A and C. 
Units B may optionally provide bio-compatibility as 
described according to the first or second embodiments; 
and units C may optionally provide bio-compatibility as 
described according to the third embodiment, provided that 

20 at least one of B and C provides bio-compatibility. The 
components of the blend may be selected such that there is 
a tendency for one of the copolymers in the blend to 
separate from the other copolymer and migrate to a surface 
of a solid material made from the polymers. Migration may 

25 occur during a thermal treatment of the blend. 
Preferably, the components of the blend are selected such 
that a copolymer which migrates to the surface includes an 
associated bio- compatible moiety (especially wherein one 
of the units of the copolymer is bio- compatible) or is 

30 arranged to be f unctionalised for association with bio- 
compatible moieties. A specific example of the fifth 
embodiment is provided in Examples Va-c. 
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30 



in general terms, the method of the second espect 
preferably Eludes providing said copolymer as part of a 

son, t lal . To ma ^ ^ 

ma er.al which includes said copolymer is formed iTto a 

m combrnatron with one or more other copolymers andTor 
polymers and/or with other materials, for example fiUers 
e g. such as an x-ray contrast medium as described herein' 
The components of the polymeric material are pre f erablv 
■o heated together, suitably at a temperature of at ill 

3° 0 ' 0 ' Pre£eritly " "•*-»••*.•«. Pfe-ferabXy-st least 
300 C, especxally at least 350-c, and formed into a 
desrred shape. After formation of the desired shape 
mere res, eBpecially ^ B and/or c _ ^ 

. avaUable at the surface for providing bio-conpatibili ty 
(e.g. where a and/or c are themselves bio-compatible, 
and/or for association with a bio-compatible moietT. 

_ When in the desired shape, the polymeric material may 
define a homogenous mixture of the components thereof so 

cnat the concentration of resnpnf^m 

OI res Pective components of the 

polymeric material at the surfsce is the same as in the 
bulh. However, preferably, the copolymer and/or the 
polymeric materia! is such that the concentration of units 

that ^ C " ^ 9reat ~ tto *» «- »>* 

-that is units B and/or c ten* 

/0r C tend to migrate to the surface 
suitably during thermal processing of the poiymeric 

in a first general embodiment, said polymeric material 
may mclude a copolymer of structure A-B-A, suitably as 
the on y organic copdymer and/or organic poiymer present. 
After thermal processing it is found that the units B in 
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the copolymer tend to phase separate from units A and 
surface bloom, suitably so that the concentration of B 
units at the surface is greater than would be expected if 
units B were uniformly or homogenously distributed 
5 throughout the solid. Similarly, if said polymeric 
material comprises a copolymer of structure A-[A-B] n -B 
there is surface blooming of units B; if it comprises a 
copolymer of structure A-C-A there is surface blooming of 
units C; and if it comprises a copolymer of structure A-B- 
10 C-A there can be surface blooming of both units B and C. 
Thus", in each case/ the concentration of units B and/or C 
at the surface of the solid is greater than expected. 
Units B and/or C at the surface are then available for 
association with bio- compatible moieties. 

15 

In a second general embodiment, said polymeric 
material may include a copolymer of a type described 
according to said first aspect in combination with an 
additional polymer or an additional copolymer. Said 

20 additional polymer or copolymer may include a polymer or 
copolymer of units IV, V, IV* and/or V* described above 
with reference to the first aspect and, more preferably, 
includes a semi -crystal line polymer or copolymer which 
comprises units IV, V, IV* and/or V*. A preferred 

25 additional polymer or copolymer is a polyaryletherketone 
which may consist essentially of units (a) , (b) , (c) , (d) 
or (e) described above (i.e. polye there therketone, 
polyetherketone , polyetherketoneketone , 

polyetherketoneetherketoneketone and 

30 polye there therketoneke tone) and, of these 

polyetheretherketone and polyetherketone, especially 
polyetheretherketone, is/are preferred. Where said 

polymeric material includes an additional polymer and/ or 
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copolymer, the copolymer and additions , 
copolymer are selected so that C^tT ^ 
-poller (or parts thereof ) to ! " ^ ^ 

additional poller and/ ^ the 

» thermal process^ an7mi° r C ° P ° lymei ' **** 
anl ., n9 ' ^ mi 3rate towards the surface of t-v, 

■olxd, suitably so that there is a 

of units b and/or c of „ concentration 
co^ared to if ^ - «" surface 

throughout the solid. ^7 ^1°^ 

«> available for association 2 h To c ^ ' ^ ' 

on W1 th bio-compatible moieties. 

In one preferred example of said « „ 

a «anged to predominantly migrate h« *u 
in another preferred * "» 

"Me in=ludes ^ ™ iterial a copolymer 

»Mch includes and pre" ' * " 

«**. a. Ihe copolym : r s :; t ^; ™° — T <*. 

Che surface. V pred ° mil >antly migrates to 

The moieties, especially units a M , „ 
st the surface in™.** . , 7 C ' available 

poiy^c ^tnjsr ~ ° £ * 

(hereinafter -Pa.) whl=h „ * 6 functional groups 

association wit, hit^ihU ^"^^ * 

«~ specific emhoo3 iii M :;: t r :: b : aforesaid 
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embodiment illustrates this) ; or may include moieties 
{e.g. aryl groups) which can be functional ised (e.g. in 
electrophilic substitution reactions described above) to 
provide functional groups FG (the aforesaid third 
5 embodiment illustrates this) . 

FG may include a functional group selected from the 
following: -OH, -CHO, -NR 10 2 , preferably 

-NH 2 or -NHR 10 , -SH, -CONH 2 , -CONHR 10 , -COOH, -COCl or 

10 -COOR 10 group, a halogen atom, especially a fluorine, 
chlorine, bromine or iodine atom, -N0 2 , -S0 3 M, -S0 2 R X1 , 
-SO2NHR 10 , -SO 2 NR 10 2 or -COOM groups, an anhydride, an 
epoxide, a cyanate, -CN, an isocyanate, a carbon-carbon 
double bond, for example a group -CR 10 =CR 10 2 or a (C o -C 10 alk) 

15 acrylate (wherein n alk" refers to an alkyl group) such as 
-COOC(CH 3 )CH 2 and -COOCHCH 2 , a carbon-carbon triple bond, 
for example a group -CR 10 or an azide, wherein R 10 
represents a hydrogen atom or an optionally substituted 
alkyl group, wherein M represents a hydrogen atom or an 

20 alkali metal and R 11 represents a halogen/ especially a 
chlorine, atom. 

Preferred functional groups FG may be selected from 
the following:- -OH, -NR 10 2 , -N=CR 10 2 , -OR 10 , a halogen, 
25 especially a fluorine or chlorine atom, -N0 2# -CN and - 
SO3M 1 wherein R 10 represents a hydrogen atom or an 
optionally-substituted alkyl group and M represents an 
alkali metal. 

30 The moieties, especially units B and/ or C including 

functional groups FG, available at the surface may, 
optionally, be further functionalised, for example to 
provide linking moieties as described above, and then 
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treated w lt h . mterial (hereiM£ter 

Prov ldl n 9 . bio-co^atible TOiety for >;( £ 
-Poller. BCM raterial ^ 
associated with £unctional ^ 

with £ui,ctionai ^ » - — jsr 

in one embodiment, B „ 

associate a polyutethane with aaid ° 

=a id copolyiner My include hydr :^;; o ~ 

eard BC M material provides , diisocyanMe J J » «- 

sard copolymer delude isocyanate £ » 

materral provides a diieocyanate and a did Z h Z 

cases, said BCM material „»„ k . ° th 

rial ^ be provided by two differ-w 

compounds, airrerent 



« A=cordin 9 to . third Mpect of ^ 

there ls provided a method or maHn* . medioal 

layer of a bro-ccmpatible polymeric material on the 
outsrde of a support material. wherein said bio-compatibl 

asPect or „ ^e as described ,ccordin 3 to said second 

Said support material could comprise th. = 
* copolymer which is included in the layerTf b 

material, suitably before anv t ""-compatible 
associat. «.. • v y SUbse " Mnt treatment to 

a may delude forming a polymeric material which 

3o : ; ; e r copoiymer into a — -** ~~ 
::j t ~ r a i; medicai device - « «— • 

examnl. T * ^ ^ SUitab1 ^ for 

example moulding, machining of a blank • 
like tv, oianic, extrusion or the 

like. Then, the surface of said Bhan o • 

saia shape is suitably 
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treated, for example to f unctionalise it and/or associate 
bio-compatible moieties with it. 

Preferably, however, said support material is made out 
5 of a material which is different to that of the material 
of the layer of bio-compatible material, suitably before 
any subsequent treatment to associate it with bio- 
compatible moieties . Said support material may be made 
out of any suitable material, for example of a metal, or a 
10 plastics material. Preferably, however, said support 
~ material comprises- a polymer which preferably includes a 
moiety of formula I and/or a moiety of formula II and/or a 
moiety of formula III as described above. 

15 In this case, the material which is to define the 

support material is formed into a desired shape by a 
suitable method, for example, moulding, machining of a 
blank, extrusion or the like. Then, the layer of bio- 
. compatible material is formed on the outside of the 

20 support material. For example, a polymeric material which 
includes said copolymer may be contacted with said support 
material and caused to bond thereto. Thereafter, 
optionally, said copolymer may be treated, for example to 
f unctionalise it and/or associate bio-compatible moieties 

25 with it. 

• Said support material suitably has a tensile strength 
(according to ISO R527) of at least 80, preferably at 
least 90, especially at least 95 MPa. The tensile 
30 strength may be less than 360, suitably less than 250, 
preferably less than 140 MPa. It preferably has an 
elongate at break (according to ISO R527) of at least 40, 
preferably at least 50%. It preferably has a tensile 
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-au lus (according to IS0 

preferably greater >-h=,„ , Sweater than 2.5, 

OP. The f ! ' !8PeCiSU ' than 3 5 

Hm teMlle "xxlulus may be less than a n 
less than 30, preferably less the, I ' "'"* My 

» less than 10 CTa If . °' "° ra Preferably 

- — no, es P ec, u ; ;: Tea r; u :r™ rabiy 

strength may be less than "exursl 
-re preferably l e ^ ^ «*» "0, 

» Xt preferably has a ^T"' *~ *n 2 oo 

especiaUy at least Hp P««My at least 3.5, 

=0, especially less than M GPa P " £erably ■*« 

15 -A-™— properties ca bTadJustdT™' 

seleotion of pel™,,. „ d/ ' USted ** ^opriate 

included in said ** rein£ <— « means 

in said support material to suih „ 
applioations. For " 

»or exMiple, a continuous cart™, 

Polyetherether*etone » y typically 
SO of about 350 MPa - ,. tensile strength 

Mi>a, a tensile modulus of 36 rPa 
elongation of 2% - fi , GPa ' 311 

' 3 flexu ral modulus of so rn a 
flexural strength of €20 MPa > , * 9 

30% of high Derfo Pol^letherketone with 

tensile st f^^ 6 -y typically have 

tensile strength of 224 MPs = t- Q • i 

. ensile elongstion of Z \ T , °* " ° Fa ' 

-afle^ral strength ol.O ^ ^ * " »" 

— ii .r,: rZir:? 91 fo ^ * 

of a device for „«. • e P re sents or is a precursor 

-erial Z^JT SPPliCati0a8 

mmi* » Polymer; and treating material in 

said shape i„ order to de * ter ^l » 

layer on the outside of 
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said shape, wherein said layer includes a bio-compatible 
polymeric material as described according to said first 
aspect . 

* 5 The invention further extends to a device for use in 

medical applications, wherein said device comprises a bio- 
compatible polymeric material as described in any 
statement herein. 

10 Said device suitably includes a support material and a 

- - - bio -co mp a tibl e~ po^lymeriTrmaterial"- on*-the"^outside f "thereof . 

Said device is preferably a prosthetic device," for 
example an implant such as an orthopaedic, dental or 

15 maxillofacial implant or a component thereof; or a device, 
for example a catheter, which is arranged to be 
temporarily associated with a human or animal body. Said 
device is preferably a prosthetic device as described. An 
orthopaedic device may be an implant for a body joint, for 

20 example a hip or knee joint or spine fusion device. 

A said device may include a part or parts made' out of 
said bio- compatible polymeric material and a part or parts 
made out of other materials. Suitably, however, said 
25 device includes at least 50wt%, preferably at least 65wt%, 
more preferably at least 80wt%, especially at least 95wt% 
of said bio-compatible polymeric material. In some 
embodiments said device may consist essential of said bio- 
compatible polymeric material. 

30 

The invention extends to a method of making a medical 
device or part thereof, the method including the step of 
forming a layer (hereinafter an *X-ray contrast layer") on 
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the outside of * 

- ^^^^zri have any - • 

material described herein , „ bl °" COmpatible Polymeric 
-ny feature of « said . * ^ SUPP ° rt «^ may have 

^eludes a lower amount of X rav material 
" contrast layer. Prefe^X ^ ^ ^ 

inciudes subs — ^ - — -i^zr materiai 

feature of ^ 

embodiment described herei, Wnti °* or 

» — of an, aspect of a ny ^ ^ «* 
described herein. Mention or embodiment 

Specific embodiments of the in. ■ 
described by way of example. " WUl n ° W b * 

^ f0ll ° Win9 - referred to herein: 

PEN-polyethemitrile; 

PDMS- P olydi m ethylsiio X ane; 

PEKmK-polyetherKetonemetaxetone 
PEKBI-poiyet^^^^^^.^^ 

Copolymers prepared as describe • 
may be as follows: aescr ^ed m Examples I to v 

S^^-i - ■« copol^ere fi ^ „ t . 
"»«ties that allow .« ■ ta " <*«»ical 

e " 1Clen£ — -t effective 
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attachment ■ of molecules that have enhanced 
biocompatability / bio-activity. 

Example II - The copolymer B units already contain 
5 moieties that have enhanced biocompatability / bio- 
activity. 

Example III - The copolymer contains amorphous 

polyaryletherketone, C units that are either dispersed 
10 throughout the bulk of the material or in phase domains. 
The — amorphous — units - -allow —efficient -and cost effective 

attachment of molecules that enhance biological activity 

or biocompatability. 

15 Example IV - The copolymer contains A, B and C units that 
are either dispersed throughout the bulk of the material 
or in phase domains. The B units can give the benefits 
described for Example I and II combined with the added 
functionality described in Example III or . the ability to 

20 add a second biologically functional molecule (or 
attachment species) to amorphous units. 

Example (V) - A copolymer of A and B units blended with a 
copolymer of A and C units or A homopolymer. The 

25 copolymer of A and B units will give the advantages 
described for Examples I and II and in some embodiments 
the copolymer will be sufficiently dissimilar to that 
constructed from A and C units (the other blend 
constituent) that it will phase separate and be prevalent 

30 on the surface. The copolymer of A and C units will have 
the advantage described in Example III. 
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g^le S Preparation of 

cqpolvr ' ~ E^herether)^^ 

A 700ml, flanged flask fitted with . a „ 

5 Quickfit lid, stirrer/sti rrer , 91988 

thermocouple was chare h * ^ inlet a 

v** was charged with 4 ^.^fi 

<«■•<*. 0. 2145 mole) 2 , * *'* M - ta ««»« 
<»o.. 9) M pu ^ d °^ h n ° ic 3 r - 

10 1 hour Th B . *»*rgea with nitrogen- for over 

«aanKet to between 140 and iso°C h« * 
colourless solution. while " 
banket, dried sodium car^te TT" ' 
potassium carbonate ,o J °' 3 ° ^ * nd 

- — e was ra Led I 17 SOc 00 leTd e f ~ ^ *» 

- -o o c , heid for 30rains; :; a ; e e ;; c 60 

— I ^ated to 300*C and held for 120 mL s " 

The reaction mixture was allowed to cool in a 
20 washed with acetone and water The J. "* 
dried in an «■ resulting polymer was 

M ln an air oven at I20°c Th*> ™i 
a.U and . Melt visoosity (MV) ^o^" - » of 

<°°°C on a ram axtruder al a aLar ra t " 
145=0 and Tm . 344 > c . ^ ^ ° £ 1000 ^ ■ 

25 

Example lb Hydrolv B i s B . ^ 

Copolymer ESlZgtheretherketone^Pro 

A film of the polymer from Example la 5cm x 2c m 
30 1KJ. m was prepared by compression moulding at £ : 

ho P e r es Th b e et fT metai piates usins a — — ^ 

"t press. The film was placed in a 2 c fiml ^ , 
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added 80ml of a 30% aqueous sodium hydroxide and 15ml of 
ethanol in order to . facilitate complete hydrolysis of the 
nitrile to the carboxylic acid- The solution was heated 
to reflux for 12-24 hours in order to ensure complete 
5 hydrolysis. The solution was cooled and the film removed 
and placed in a solution of glacial acetic acid followed 
by washing with 2M HC1 and distilled water. The sample 
was dried at room temperature overnight. 

10 Example Ic Reaction of surface modified 



with the peptide GRGDS 

The surface modified polyetheretherketone/PEN of 
15 Example lb was stirred at 10°C for 1 hr under an 
atmosphere of nitrogen in an aqueous solution of the water 
soluble carbodiimide, l-ethyl-3- (3-dimethylaminopropyl) - 
carbodiimide) (0.4g) dissolved in buffer at pH 4.5 (0.1M 2- 
(N-morpholino) ethanesulphonic acid) (40ml) . The sample of 
20 polyetheretherketone/PEN was removed and washed with 
buffer solution. 

The sample was stirred at 20°C for 24 hr under an 
atmosphere of nitrogen in a solution of the peptide 
25 GRGDS (160mg) in phosphate-buf f ered saline solution (40ml) 
(Na 2 HP0 4 , 1.15g; KH 2 P0 4 , 0.2g; NaCl. 8g; KC1, 0.2g; MgCl 2/ 
O.lg; CaCl 2 . O.lg in 1 Litre of distilled water). The 
functionalised polyetheretherketone/PEN was washed 
successively with phosphate buffer and distilled water. 




c acid groups 



30 



Example Ila Preparation 



of 



hydroxy- terminated 



polyetheretherketone 
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Uncouple was c tar9 e/ LhT; " tr<>9en lnUt Ma ' 

»-et to betweea MQ --" --a . „ iCrogen 

colourless solution. „„ ° fo ™ "almost 

ariea sooiun, car^ e T^ 1 " 9 * 
» P°tessium carbonate ,. 84a " ° 9 ' °- J ° « U >-* 

-temperature was raise* ' to i 7s - c h T'" "* »» 
* »0 -C hela tor 30mlM , ^ ^ £ « «• "in, heatea 
— . Wea to 300'c ana ^ 30 

13 The reaction mixture „ as .„„ „ 

— ~ . it „ acetone an d water C * ^ - 
in an air oven at l^c Z T"" 3 ~ 

0 ' 4lMa «»»f S000. T 9 . 142 „ c *" f^"* «»* - IV of 

a c and Tm « 342°c. 

0 ExaaplQ ttk p rrr>nv ,, . 

CoEoliser ~ E ^ ££&£ ^erk^ 

^r:rLri t ri"T — -* • 

Wet ana outlet ana a 1 ^ -tr* 

^xmer or ^ ~ with the 

<*loronaphthalene (450na ••00. mole) , nd 

nitrogen for , h0U r L * "°° C - ««- with 

nitrogen blanfcet to LoTT." ""^ — * 

nisoimethylamine-terminatad polvdim^ , * S ° 1Uti0n ° f 
'»•*. o.oo 61 mole) in . ^"^'"-"e (Mn 4800, 
over , perio4 „ ^'"naphthalene (5 0ml, was 

2 " OUrs ' ""He maintaining a 
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nitrogen blanket. The temperature was held at 240°C for 90 
mins after the addition was complete; 

The reaction mixture was allowed to cool to room 
5 temperature. The product was precipitated by pouring the 
reaction mixture into methanol (2.5 litres), recovered by- 
filtration and dried under vacuum at 80°C for 16 hours. 

The overall molar percentage of copolymer units, the 
10 nature of the units and the block size determines the 
~re"S ul t ant morphology of the buSrk material and"* ""the 
crystallinity in the polyketone phase. Discrete phase 
domains of B units have been measured on a melt processed 
surface between 0.5 and 400 |im. 

15 

Example Ilia Preparation of PBKmK Oligomer 

A 1 litre round-bottomed flask fitted with a 
stirrer/stirrer guide, a solids addition funnel, nitrogen 

20 inlet and outlet and a thermocouple was charged with 1,2- 
dichloroethane (350ml), 3-f luorobenzoyl chloride (42. 5g, 
0.268 mole), diphenylether (68.08g, 0.4 mole) and 
isophthaloyl chloride (54. 4g, 0.268 mole). The additional 
funnel was charged with aluminium chloride (150. 08g, 1.126 

25 mole) and added gradually to the solution, under an 
atmosphere of nitrogen, so the temperature was maintained 
at 5°C. The mixture was allowed to warm up to room 
temperature, held for 1 hour, heated to 75°C and held for 
5 hours. The reaction mixture was homogeneous and viscous. 

30 It was allowed to cool to room temperature, then poured 
into cold, dilute hydrochloric acid (1 litre) . The 
suspension was distilled to remove 1, 2-dichloroethane . The 
crude product was recovered by filtration, washed with 
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methanol, deionised water unUi 

fc . M , acer untl1 th « washings were neutral 

then final* with methane! ^ at ^ ^ ^ 

Example nib Pr.p.ratlo „ o£ PElanlt/l ,„, 

£ £ T 9ed / lMk MtCed " ith a — *« 

outlet and a thermocouple was charged with the PEKmK 

10 :;\ 9 r r ° £ * <»..*. ...» «*., IT 

(33.03 g 0.30 mole, and diphenyeulphoIle 
purged with nitrogen for over 1 hour The co„r ! 
then heated under a nitroo»„ k, T 

is 150'c to , 3 " betueen "» ™* 

15. C to for, an almost colourless solution. „ h iu 

™ning a nitrogen hlan.et, dried sodium carhl e 

< 31. .g, 0.30 mole, and potassium carhonate <0. 84g . 

mole, was added. The temperature was raised to 17 s-c 

330 mis; 30 » - "eld for 

wash.? T" 0n "**"* ^ aU °" ed " -a- -d 

"ashed with aoetone and water. . The resulting m 

25 dried in an air oven at 120-c ^ POly "" r TOa 

120 C - 1,15 polymer had Inherent 
V soositv Uv, of l. a . w ls _ d at ^ m - 

" sulphuric acid of density 

>. measured at a » TT* * °- 35kHS,n "' 
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Example IIIc Modification of PEKmK/polyetheretherketone 
Block Copolymer 

To a three necked round bottomed flask equipped with a 
5 magnetic stirring bar and nitrogen inlet was added 4- 
bromobenzonitrile (3.0g, 16.50mmol). To this solution was 
added (10.3ml, 16.50mmol) of 1.6M n-butyl lithium at - 
78°C. The reaction solution was then stirred at -78°C for 
Ih. The reaction solution was transferred via cannulae to 
10 a test tube containing PEKmK/polyetheretherketone film of 
" Example Tb~(l"cnTx 5cm x 120cm) undfer a nitrogen atmosphere. 
The solution, was then allowed to warm to room temperature 
and stirred for a further 24 hours. The films were then 
removed and washed with isopropanol (3 x 50ml) , methanol 
15 (3 x 50ml) and acetone (2 x 50ml) before being dried at 
room temperature for 24h. 

The dried film was placed in a 250ml round bottomed 
flask fitted with a reflux condenser. To the flask was 

20 added 80ml of a 10% aqueous sodium hydroxide and 15ml of 
ethanol in order to facilitate complete hydrolysis of the 
nitrile to the carboxylic acid. The solution was heated 
to reflux for 12-24 hours in order to ensure complete 
hydrolysis. The solution was cooled and the film removed 

25 and placed in a solution of glacial acetic acid followed 
by washing with 2M HC1 and distilled water. The sample 
was dried at room temperature overnight. 

Example Hid Reaction of surface modified 

30 PEKmK/polyetheretherketone containing carboxylic acid 
groups with the peptide GRGDS 
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10 



rtrrrr— - 

carbodii mide , ( o. 4g) dissol , ^^-^hyWnopropyl,. 

<N-morpholino ethl 7 " ^ * PH 4 ' 5 »- 
P oxano) ethanesulphonic acid) (40m] » ^ 

PEKmK/polyetheretherketone was rei „ ^ ' ^ ^ of 
buffer solution. ^ ^ Washe * with 

The sample was stirred at 20°C for 24 * 
atmosphere of nitrogen ia a BO , \ * ** an 

—.(160^, in Phosp h at e -; uf ; er ::T a r of the pept±de 
- 5g; kh 2 po 4 , 0 .j e ;° . s ^rrr (4omi) 

Example iy„ Preparation of w . . , 
20 dl-iaide 2prop r ii dene tetracarboxg j £ 



15 



25 



30 



4-Phenoxyaniline (37 97 „ 
(hexafluoroisopropyiid^' J' ' m ° le) ' 4 ' 4 '" 

-oi.). d imet h yl acetam P ide Py £ ^ ^ 
barged to a 1 litr<B , Md * ylene (40ml > were 

-teed with a mecha l 1 Vt^; 0 ^" 0 " 0 ^ ^ 
inlet and outlet . th Stlrr6r/stlrrer Suide, nitrogen 

The mixtur ' w ; s tr;;? 16 and a - — 

maintained at that temT T ^ — 

cnat temperature until all 

been removed . „. ^ " d \ ^ 

roc te mperature , ^ V f ^ t0 

lltre °f methanol, 
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filtered, washed with methanol and dried under vacuum at 
90°C for 16 hours. 

Example IVb Preparation of N,N' -bis (4-f luorobenzoyl ) - (4- 
5 phenoxyphenyl) -3 / 3 ' , 4 , 4 ' -diphenylhexa- 

f luoroisopropylidene tetracarboxylic di-imide 

A 1 litre round-bottomed flask fitted with a 
stirrer/ stirrer guide, a solids addition funnel, nitrogen 

10 inlet and outlet, a thermocouple and a reflux condenser 
-was * charged with N^N'-bis (4 -phenoxyphenyl )-3,3',4,4'- 
diphenylhexaf luoroi sopropyl idenet et racarboxyl i c di imide 
(58. 2g, 0.075 mole), 4-f luorobenzoyl chloride (24.12g, 
0.1512 mole), and 1, 2-dichloroethane (375ml). The 

15 additional funnel was charged with aluminium chloride 
(225. 12g, 1.689 mole) and added gradually to the stirred 
solution, under an atmosphere of nitrogen, so the 
temperature, was maintained at 5°C. The mixture was allowed 
to warm up to room temperature, held at room temperature 

20 for 1 hour, heated to 75°C and held for 5 hours. The 
reaction mixture was homogeneous and viscous. It was 
allowed to cool to room temperature, then poured into 
cold, dilute hydrochloric acid (11) . The suspension was 
distilled to remove 1, 2-dichloroethane. The crude product 

25 was recovered by filtration, washed with methanol, 
deionised water until the washings were neutral, then 
finally with methanol and dried at 50°C under vacuum. 
Recrystallised from dimethylacetamide (Yield 74%) 



30 Example IVc Preparation of polyetheretherketone/PEKEI 
copolymers 
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™ ,T fitted with * — *» 

outlet and ' T^'" 1 **** ^ ide < - nitrogen inlet and 

- ^uorobensophenone (Bf g o' 274 , , ' 4 ' 4 '~ 

(33.03g, 0 30 mole) „ ^ ^ dro ^one 

° m ° le) and diphenysulphone (i 80 On) 
Purged with nitrogen for over ! hour The ^ 
• then heated under . „ <f . contents were 

1S0«C to forT T ^ blank6t t0 bStWe - "0 and 

to form an almost colourless solution »,« . 
' "Staining « nitrogen blanket- * • * " 
-(-31-rSOg, 0 30 T donate 

9, 0.30 mole-)-and potassium- carbonate (o.84g o 006 
mole) was added tv.o *- >«.o* g , 0.006 

h.!H * temperature was raised to i 75 ° c 

held for 60 min; heated to 200 °c h»i* * 
to 250°C, held for 30 • 3 ° minS; h6ated 



The reaction mixture was allowed to cool min „ 
washed with acetone and water Th. , 
*rie* in an air oven at T^c » ^ 

Viscosity (IV , of x 21 " " is ^ ^ ^ 

IV ls measured at 25°r ™ ^ 
solution of ^ in sulphuric 25 a C ! n ' 

*n,ity l^, said SQlut . on * ™ ■ of 
Par loo=m> of soluclon . A Helt » • 

A dried film of the copolymer from Example ™ 
™ * 120fm) was placed i„ a ,.„„, „ * * 
fit*.* °™ 1 round "ottomed flask 

aomi , * reflUX C °" denSer - T ° th < « adled 

•~ - » 30, aoueous sodium Hydroxide and XSml of «^ 
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in order to facilitate the hydrolysis of the imide to the 
amic acid. The solution was heated to reflux for 24 hours. 
The solution was cooled and the film removed and placed in 
a solution of glacial acetic acid followed by washing with 
5 2M HC1 and distilled water. The sample was dried at room 
temperature overnight. 

Example IVe Reaction of surface modified 

polyetheretherketone/PEKEI copolymer containing carboxylic 
10 acid groups with the peptide GRGDS 



The surface modified polyetheretherketone/PEKEI from 
Example IVd was stirred at 10°C for 1 hr under an 
atmosphere of nitrogen in an aqueous solution of the water 
15 soluble carbodiimide, l-ethyl-3- (3-dimethylaminopropyl) - 
carbodiimide) (0.4g) dissolved in buffer at pH 4.5 (0.1M 2- 
(N-morpholino) ethane sulphonic acid) (40ml) . The sample of 
polyetheretherketone/PEKEI was removed and washed with 
buffer solution. 

20 

The sample was stirred at 20°C for 24 hr under an 
■ atmosphere of nitrogen in a solution of the peptide 
GRGDS (160mg) in phosphate-buff ered saline solution (40ml) 
(Na 2 HP0 4 , 1.15g; KH 2 P0 4 , 0.2g; NaCl . 8g; KC1, 0.2g; MgCl 2 , 
25 0. lg; CaCl 2 . O.lg in 1 Litre of distilled water). The 
functionalised polyetheretherketone/PEKEI was washed 
successively with phosphate buffer and distilled water. 

Example Va The blend of polyetheretherketone/PEN 
30 copolymer with polyaryletheretherketone 

5 kg of the copolymer polyetheretherketone/PEN were 
prepared as described in Example la. These materials were 
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in the form of a _ 

0t a mi croporous polymeric flair- mu 
was feed into the 32 * , • The flake 

- - — «- si r zzrr r to f °- a 

« air post extruder Md "* C °° led 

. ap P ™ ely 3 m iZriT:* producia3 peuets - 

««n <- B «gcn and 2.5 mm diameter 

Pellets were Dlac*ri ^ n ecer - These 

cm. The trays were placed in »», • 

381G produced by victrex „i . ^^""""herketcne 
30 »i»utee tc ^ « ^ated £ or 

IS or similar deneity Prem * ° £ shaped pellets 

The resultant mixture was r.* . • 
in weight f eeder i„ to . « ^ 3 BrabMd « *« 

extruder. The blended e=L " Kra " 8Ma£fei **> ==rew 

detailed. Penetised as previously 

The polymer blend was t-w ■ 

Example Vb Theblend of m.,/ , 
Cofiolymerwi^^^ 

excepTr Z — * example Va 

bloc, copolymer 1 8 ^^therether.etone 
was prepared as described in example Ilib 
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and supplied as a micorporous flake. This flake was 
denisfied using a 32 mm single screw extruder as 
previously discussed. These pellets were dried and 
tumbled blended with an equal weight of' the densified 
5 polyetheretherketone/PEN copolymer. The premixture was 
then blended using a twin screw extruder and injection 
moulded as previously discussed. The plaques produced 
were treated in methods analogous to examples IB and IC. 

10 Example Vc The blend of PEKmK/polyetheretherketone Block 
Copolymer with polyaryletheretherketone 

Example Vc is substantially similar to example Vb 
except for the following; the PEKmK/polyetheretherketone 
15 block copolymer was prepared as described in example Illb 
and supplied as a micorporous flake. This flake was 
denisfied using a 32 mm single screw extruder as 
previously discussed. These pellets were dried and 
tumbled blended with an equal weight of the densified 
polyaryletheretherketone 381G supplied by Victrex pic. 
The premixture was then blended using a twin screw 
extruder and injection moulded as previously discussed. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous to 
this specification in connection with this application and 
which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 

All of the features disclosed in this specification 
(including any accompanying claims, abstract and 
drawings) , and/or all of the steps of any method or 
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process so discloser) m =,, v , . 

Closed, may be combined in any combination 
except combinations where at le^t- nation, 
, 6 at leas ^ some of such features 

and/or steps are mutually exclusive. 

Each feature disclosed 
(includin 9 my accomoL specification 
a any accompanying claims, abstract ^ 

1™'' ~* " * eXtemative feature _Z 

the . lMt or eimuar purpoe ^ n 9 

stated otherwise. Thus m u "pressxy 

Tnus, unless expressly stated otherwise 
each feature disclosed is one Qnly Qf ™ 

series of eguivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment (s) The w 6 

invention extend to any novel 
one, or any novel combination of the * . 

> « ■ on ' of the features disclosed 

• aWlngs) ' or to any novel one, or any novel 

combination, of the st-er« ~* ei 

a ■ , Steps of aQ y method or process 

disclosed. process so 
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CLAIMS 

1. A bio-compatible polymeric material for use in medical 
applications, wherein said material comprises a copolymer 

5 comprising a unit A. in combination with a unit B and/or a 
unit C, wherein bio-compatible moieties are associated 
with said copolymer and A represents a semi-crystalline 
polyaryletherketone moiety, B represents a unit which is 
incompatible with unit A and C represents an amorphous 
10 polyaryletherketone or polyaryl ether sulphone unit. 

2. A polymeric material according to claim 1, wherein B 
units are sufficiently chemically dissimilar to A units, 
such that blocks of B units are adapted to selectively 

15 aggregate when a copolymer comprising A and B units is 
cooled from a melt. 

3. A polymeric material according to claim 1 or claim 2, 
wherein bio- compatible moieties are associated with at 

20 least one of either unit B or unit C of said copolymer. 

4 . A polymeric material according to any preceding claim, 
wherein unit A includes aromatic group containing moieties 
linked by -CO- and/or -Q- groups, wherein -Q- is an oxygen 

25 or sulphur atom. 

5. A polymeric material according to any preceding claim, 
wherein unit A includes a first unit .which is of general 
formula 
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IV 



or of general formula 



or of general formula 



or of general formula 



IV* 



provided said unit is B -r^ 

««- in unrts "rTT"; WherSin ^ 

independently represent zero or a oo.il "* ' 

independently represent an oL lnte9Sr ' * "* 

direct linit , 0 rePr^ta an ' ' SUlPlMr " OT ^ 8 

oirect lin* or a -o pTo * ""^ ^ * 

Pheny! g roup and *r I s.^ / **" * ~- * 



SUBSTITUTE SHEET (RULE 26) 




5 



6. A polymeric material according to any preceding claim, 
wherein unit A includes only unsubstituted phenyl moieties 
ether moieties and ketone moieties. 
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7. A polymeric material accoraino co any 
wherein unit A is cala „ , ^ 
PolyetherXetone ^ 

P^et^etoneetnerfcetonefcetone POl ~"°— 
5 Polyetheretherketoneketone. . 



10 



15 



Wherein unit A comprises polyetheretherketone . 
IreiTu^tr" 1 " aOCOrdin9 * ** "~«°> 



wherein^TnT"^ 1 aCOOrdi " 9 * *- 
». ^Ze dOSS lDClUde ~~ — «- * its 

wherein P °unr:tr terial aC °° rdin9 *° ** 
bacLone dOSS "* ^ — ies in its 



25 



13. A polymeric material aecrvrri-ir,„ fc 

wherein unit « • acco ^ing to any preceding claim, 

wfterein unit B is a dimethyls! loxane. 

30 ILIT^^T 1 accordin9 to p ™* 

unit includes a means to render i + v 

render it amorphous and/or not 
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crystallisable with polyarylether ketones or 
polyarylthioether ketones and/or not crystallisable with 
unit A described. 

15. A polymeric material according to any preceding claim, 
wherein said unit C comprises a unit which is of formula 
-Q-Z-Q- wherein Z represents said aromatic group 
containing moiety, wherein said unit, is not symmetrical 
about an imaginary line which passes through the two -Q- 
moieties provided. that said unit is not 
dihydrox^enzbphenone" substituted by groups^ -Q- at the 4- 
and 4 ' - positions . 

16. A polymeric material according to any preceding claim, 
wherein an end unit of said copolymer is an A unit. 

17. A polymeric material according to any preceding claim, 
wherein the sum of the chain length (s) of A units in said 
copolymer is greater than the chain length (s) of B units 
in the polymer. 

18. A polymeric material according to any preceding claim, 
wherein the sum of the chain length (s) of A units in said 
copolymer is greater than the sum of the chain length (s) 
of C units in said polymer. 

19. A method of preparing a bio-compatible polymeric 
material, the method including the step of preparing a 
copolymer comprising a unit A in combination with a unit B 
and/or with a unit C and optionally including the step of 
associating a bio-compatible moiety with the copolymer or, 
when said optional step is not undertaken, selecting at 
least one unit B or C which is itself bio-compatible, 
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wherein A renree^t-. 

represents a semi-crystalline 

polyaryletherketone moiety and B represents a unit which 
is incompatible with unit A and C represents an amorphous 
polyaryletherketone or polyarylethersulphone unit. 

20. A method according to claim 19, wherein the copolymer 
made in the method (p rior to ^ optional ^ Qf 
associating bio-compatible moieties with the polymer) is 
thermally stable at at least 350°C. 

21. A method according to claim 19 or claim 20, wherein 
units B and/or c in the bio-compatible polymeric material 
include associated bio-compatible moieties or are 
themselves bio-compatible to a greater extent than units 

22. A method according to any of claims 19 to 21, wherein 
the method comprises one of the following: 



(a) 



(b) 



(c) 



the preparation of a copolymer comprising 
units A and B wherein unit B includes pendent 
moieties with associated bio- compatible 
moieties; 

the preparation of a copolymer comprising 
umts A and B wherein unit B is itself bio- 
compatible in that it has a higher inherent 
bio-compatibility compared to unit A; 
the preparation of a copolymer comprising 
urnts A and C wherein unit C is more easily 
functionalised compared to unit A so that 
bio-compatible moieties can be associated 
with functionalised unit C; 
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(d) the preparation of a copolymer comprising 
units A, B and C wherein units B and/ or C 
provide bio-compatibility; 

(e) the preparation of a first copolymer which 
5 comprises units A and B and a second 

copolymer which comprises units A and C. 

23. A method according to any of claims 19 to 22, which 
includes providing said copolymer as part of a solid 

10 material, 

24. A method according to claim 23, wherein a polymeric 
material which includes said copolymer is formed into a 
solid. 

15 

25. A method according to any of claims 19 to 24, wherein 
the copolymer and/or the polymeric material is such that 
the concentration of units B and/or C at the surface is 
greater than in the bulk. 

20 

26. A method of making a medical device or part thereof, 
the method including the step of forming a layer of a bio- 
compatible polymeric material on the outside of a support 
material, wherein said bio- compatible polymeric material 

25 is as described according to any of claims 1 to 18 or is 
made as described in any of claims 19 to 25 . 

27. A method according to claim 26, wherein said support 
material comprises the same copolymer which is included in 

30 the layer of bio-compatible material before any subsequent 
treatment to associate it with bio-compatible moieties or 
is made out of a material which is different to that of 
the material of the layer of bio- compatible material 
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before any subsequent ^ ^ 

compatible material t-o = „ 

Pieties. essoc.ate it with bio-compatible 



the meThT ^ " akin9 3 deVi " « th^o, . 

the method comprising, £onning . . 

represents or is a pm o£ . ^ 

materia! I ^ medi ° al herein Li, 

as id e hl S S P ° lyMr: - ^ 

said h " t0 dSfiM 8 Uyer « th * ««•«. of 

sa d shape, wherein said layer includes a bio-compatible 
polymeric material as describee in any of claims 1 to 18. 

device^" ^ herein said 

oescrLr* riSeS 8 bi °-=^""= ^V-eric material as 
described in any of claims 1 to 18. 

30. A method of making a medical 

fh« „.,.>, j medical device or part thereof, 

the method including the step of forming a layer on the 
outside of a support material, wherein said , 
an x rv>„ „ * "Herein said layer includes 

an x-ray contrast medium. 
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